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STATEMEHT OP PROBLEM 
purpose of the investigation was to detenalne what 
effect, if any, the addition of ®indifferent" salts to an 
electrolyte has upon hydrogen overvoltage. 
In e^mection with this work "indifferent® aalta were 
considered to be those salts that, when added to the electro­
lyte of the cell,, would not materially alter the reversible 
potential of the cell either by hydrolyzing, acting as a de­
polarising agent, or depositing metal (instead of hydrogen) 
on the cathode. Thus was eliminated fro® ccmsideraticai any 
salt that ordinarily would be expected to furnish a chemical 
individual that is capable of reacting chemically at the cath­
ode surface. A limitation of this kind was necessary so that 
these extraneous effects would not be mistaken for a change 
in hydrogen overvoltage. 
Further, by hydrogen overvoltage was meant the differ­
ence between the potential developed cat the test electrode 
under the existing conditions and the potential of a revers­
ible hydrogen electrode in the same solution* fhis means 
that tlie density of the polarizing current must have been, 
and was, specified for each measured value of overvoltage. 
fhe suggestions for this investigation arose from a con­
sideration of two widely known and well recognized phencaaena, 
namely: (1) the effect that the presence of indifferent 
wm 2 •* 
saXts ha® on the corrosion rate of metalsj and (2) the close 
relationship that exists between overvoltage and corrosion 
rate, ^cause the existence of these two phenomena is well 
established, it was thought that a relationship might exist 
between overvoltage and the presence of indifferent salts in 
the cell electrolyte. 
fhe choice of iron for the test electrode was influenced 
by the knowledge that corrosion of iron is hindered in the 
presence of certain salts. An added reason for the choice of 
iron was that it belongs to the moderately ^active" group of 
metals. Considerable work has been done on the effect of 
electrolyte composition on overvoltage using the Inactive 
laetals, fflercury and lead; on the other hand, only a little 
work la this field has been done using an active metal. More­
over# iron may be used in contact with an alkaline solution 
as hydrogen electrode, but mercury and lead cannot. 
fhe investigation had four objectives, namelys (1) to 
determine the effect of different cations, (2) to determine 
the effect of different anions, (3) to determine the effect 
of adding different salt concentrations to solutions having 
the same base concentration, and (4) to determine the effect 
of varying the base concentration in solutions having the 
same salt concentration. 
INTRODUCTIOH 
In the field of science treating with metallic corrosion 
phenomena, the electrolytic theory is generally considered to 
afford a reasonable explanation for a large part of such phe­
nomena. In brief, the theory states that local conditions of 
strain, variations in ccmiposition, crystal orientation, etc., 
cause galvanic cells to be formed whenever the sietal is 
brought into contact with an electrolyte. That is, different 
portions of the metal act as positive and negative electrodes, 
respectively, and the liquid in contact with the metal serves 
as the cell electrode. Any one or several of the usual elec­
trode processes may occur at these electrode areas. Usually, 
however, it is thought that metal dissolves from the anodic 
portions and hydrogen is evolved on the cathodic areas. The 
dissolution of the metal constitutes metallic corrosion. 
Corrosion of metals may be hindered, therefore, by 
means of &nj process that increases the resistance in the 
local galvanic cells or, and this is more pertinent to this 
research, decreases the difference in the effective potential 
that exists between the cathodic and anodic portions of the 
metal. The effective potential is the difference between the 
reversible potentials of the positive and negative electrodes 
less the overvoltage and polarization effects. Both of these 
latter act as back electromotive forces. The current that 
can flow through the cell is proportional to the effective 
potentialJ hence, the current (and the amount of corrosion) 
is decreased whenever the overvoltage is increased. 
Therefore, it is desirable to consider! first, the 
various factors that are known to affect overvoltage; and, 
second, the theories that have been advanced in order to ex­
plain the experimental observations. There are, however, 
scsae qualifications to be made. The experimental and theo­
retical results arising from the use of the comrautator method 
for aeasuriag overvoltages will be given no great considera­
tion* This is justifiable inasmuch as many investiga­
tors®* have shown that results obtained by this 
method prior to 1925 have no real significance. In addition, 
any significant results obtained since 1925 have the same 
significance as those that are obtained from the employment 
of the direct method. Furthermore, since there is wide dis­
agreement between the usethoda for determining minimum over-
voltages and no real proofthat such a thing exists, no 
consideration will be given to rainimum overvoltage. All this 
means, therefore, that the present discussion will be limited 
to results and relationships derived from the measurements of 
overvoltage toy the direct method with measurable currents 
flowing* 
LITERATURE SURVEY 
Facte About Overvoltag© 
the principal factors which have been found to affect 
overvoltage arej kind of metal; condition of surface; previ­
ous treatment of electrode; time; current density; temperature; 
composition of the electrolyte. 
Kind of metal. 
Metals vary widely among themselves as to the ease of 
attainment of the reversible hydrogen potential. With cer­
tain metals, exaiaples of which are Pd, Pt, Au, and Hi, the 
reversible hydrogen potential can be easily reached; whereas 
on others, such as Pb, Hg, and Cu, the reversible hydrogen 
potential has never been developed. Hereafter, the first-
naiaed group will be designated the "eleetrochemically active** 
metsls; the last-named group will be called "electrochemically 
inactive." On sorae electrocheinically active metals consider­
able current can be made to flow before an appreciable in­
crease of the potential from the reversible can be observed. 
On the other hand, Hg has a considerable overvoltage even at 
extremely minute current densities. 
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Condition of supfacje. 
The activity depends not only on the type of metal but 
also on the condition of the surface an<3 its previous treat-
»ent» Widely variant results are obtained, for instance, 
with Pt that has either a apongy, rough or smooth surface, 
StMse of the variaaee »ay be accounted for if the "true" sur­
face area is used in calculating the current density rather 
than the apparent or measured area. By true area la meant 
the total area of the exposed rough surface, which is s€»ie-
tlaies himdreds of times larger than that calculated from the 
diaienslone of the surface. The true area may be determined 
experimentally if one treats the Melaholtz double layer at 
the electrode surface as a plate condenser. Nevertheless, 
there yet exists a difference in overvoltage which may be 
attributed to different degrees of activity in the surface 
condition itself^®. This is probably related to the cata­
lytic activity of the surface. 
Frevloua treatment« 
The difference in activity brought about by different 
kinds of preliminary treatment is due, in all probability, to 
different kinds of surface thus produced. Some of the elec­
trode treatumnts are as follows: manifold oxidation and re* 
auction in atmospheres of oxygen and hydrogen, respectively; 
oxidation by anodic polarization; heating iii vacuo followed 
by heating ia aa ataospher© of hy<3rog©n®^j polishing with 
emery olothj production of a fresh surface within the elec­
trolyte^®*^®! cmbinationa of the above treatments. 
fiae* 
fhe o^er-^oltag© may change profoundly with tiae. This 
temporal change in activity occurs with many metals even when 
the electrolyte has been carefully purified and freed from 
traces of oxygenj hence, though it my be considered a*poison-
ing" of the electrode by hydrogen itself, the decreased 
activity is more probably an effect of a change in the sur­
face condition of the aetal. A visible alteratioaa in the 
electrode surface can be observed in aany instances# The 
most active metals are more sensitive to deactivation pro­
cesses than the less active; thus, on all the active metals, 
considerable increases in overvoltage with time take place, 
but no such increase occurs on a Bg cathode. 
However, in the initial stage of the electrolysis, a 
different kind of temporal alteration in overvoltage takes 
place. This temporal change is very rapid, and with an 
appreciable constant current density the change of overvolt­
age is linear with tiaie^. With any kind of smooth surface a 
-7 
constant quantity of electricity (namely, 6 x 10 coulombs 
per square centimeter) is found to effect a change of 100 
fflillivolts in overvoltage. The saiaa quantity is required 
whether polarization or depolarization of the electrode is 
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taking plaoe. This quantity of electricity Is only enough to 
form about l/SOOO of a singlo layer of hydrogen atoass^. Th© 
quantity of electricity necessary to change frcna a reversible 
oxygen electrode to a reversible hydrogen electrode is 
-•4 9 X 10 coulcffitbSj^ enough to replace with hydrogen the oxygen 
absorbed on each accessible metal atom but not enough to form 
a continuous layer of mutually touching hydrogen ateas. 
Current density* 
34 fafel found in 1905 that an empirical equation could 
b# written relating the overvoltage 7(^ to the current density 
1 , namely, 
s a + b log 1 
In this equation a is a constant characteristic of a 
2setal in a given physical state, and b is a nearly taalversal 
constant at a given temperature# In most instances b has a 
value of 0.12 at room temperature} however, the value of b 
asay decrease to nearly one-fourth of this in the case of very 
active metals• 
fheoretlcal reasons led fafel to believe that b should 
be a function of the absolute temperature according to the 
following equatlcai^ 
b = 2»5 KP/otP. 
Theoretically, ol should have been equal to 2, but experimen­
tally It turned out to be very close to 0»5. That is, at 
Q 
20®C and c3L» 2, b is calculated to be 0.029} but with <x = 
0»5, b has the experimentally determined value 0.116. Very 
little work has been done to confirm the relationship between 
b end f; however, Bowden^ has fotjnd the equation to be valid 
over the liaited range of temperatures at which h© worked 
and for the few electrode materials that he studied. 
Com>e8iti€aa of the electrolyte. 
Within the last two decades much of the experimental 
work has been eoneerned with the composition of the electro­
lyte. fhis work may be roughly classified into three 
general groups* (1) effect of organic inhibitors and poisems; 
(2) effect of hydrogen-ion concentration? and (3) effect of 
presence of neutral, or indifferent, salts in the electrolyte. 
Only the latter two effects need be discussed here since the 
first effect is not pertinent to the research* Moreover, the 
effects of hydrogen-ion concentration and of presence of in­
different salts have often been studied concurrently. Such 
was the ease when Glasstone investigated these effects* 
IS He employed mercury and lead**^ cathodes, acid and alka­
line electrolytes, and potassium sulfate as an added Indiffer­
ent electrolyte. His results show a small shift in over-
voltage in all eases. This shift appeared negligible to him, 
however, in view of the large changes in hydrogen-ion con­
centration to which they corresponded. A typical table is 
presented belows 
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Table 1 
l^drogen Overvoltago in Sulfuric Acid Solutions 
with Lead Cathodes 
Electrolyte :min. 0, ,002 0. >004 0, 
0
 
0
 0,001< 
SS-BgSO^ 0 .62 0. •74 0. 77 0, .80 0. 02 
H-%S04 0 .62 0, 76 0. 79 0, .81 0. 84 
H/16-%S04 0 .62 0. •77 0, .81 0. 83 0. 86 
H/l6-HgS04 + 
H/l6-KgS04 0 .62 0, •82 0. 88 0< .96 1. 05 
H/l6-lgS04 t 
H/4-E2SO4 0 .62 0, .85 0. »90 0. 95 1. 21 
H/ie-HoSOi 4 
I-%S04 
0 .62 0. 89 0, .97 1, .09 1. 19 
1.27 1.37 
1.27 1.36 
1,24 1.36 
Glasstone interprets the results in this manner: (1) a 
thirtyfold change in hydrogen-ion concentration causes a 
change of only a few hundredths of a volt; therefore, over-
voltage is constant with changing acid concentrationj (2) 
the effect of the added allcali ions increases with increasing 
current density; hence, there probably exists a codeposition 
of hydrogen and alkali xnetal forming an alloy with lead. 
Eerasymenko^® has adapted a contrary opinion. He points out 
that the variation in ovejrvoltage is of the same order of 
magnitude as the variation in the lemst potential. Further­
more, he shows with some of his own results that the hydrogen-
ion concentration in sulfuric acid-potassium sulfate solu­
tions is considerably affected by the concentration of the 
potassium sulfate. He demonstrates that his own results, 
as well as Glasstone's, oonfom to an equation deduced by 
Heyrovsky. This equation relates overvoltage to the con­
centration of hydrogen ioiis as well as to the current density 
- l i ­
as follows: 
^ In 1 4- In(H^) • eonatant. 
However, both Glasstone and H©ras;ym©nko relied heavily 
cm the data corresponding to aiiniEmm overvoltage. Hence the 
Iffiportanoe of their data and restilts should be minimi zed« In 
particular, Glaaatone's concluslcms «ere based largely on 
overvoltag© data for which no current densities were specified. 
Indeed, these latter may have varied considerably in the re­
spective measxirementa of ffiinliausi overvoltages; therefore, his 
basis of comparison was seriously at fault» Herasyraenko, on 
the other hand, plotted the current density, i, against po­
tential of cathode,IT, and used values of trcorresponding to 
the same slopes di/dtr for his ooeiparieons. Since the rela­
tionship between 1 and tt is logarithmic the exact value of nrr 
at any Cii/d T depends cai the scale on which the curve is 
dram, fhe value of irat one arbitrary value of di/femms 
designated the "hydrogen deposition potential"} these values 
were used in c<snparlsons. 
In spite of the weaknesses evident in the works of 
Glasstone and Eerasymenko, Bowden*^ was able, happily, to con­
firm the conflicting conclusions of both investigators. Sa-
ploying special precautions as to purity of mercury electrode, 
purity of electrolyte, and freedom from traces of oxygen and 
poisons, he was able to obtain data for current densities as 
O O 
low as lO* amp/cm'^. He first used a quiet pool of mercury 
12 -
fie the cathode mid employed current dens it lea ranging frosa 
10 to 10 aap/cm j the results for the higher current 
densities were later checked by means of the dropping mercury 
electrode* By plotting the overvoltage against the logarithm 
of the current density he found that two straight lines were 
obtained—Curve I for the lower densities. Curve II for the 
higher densities—with slopes of 0«12 and 0.22 respectively. 
One Curve I could be used to show graphically the data ob­
tained at the low densities for six solutions of pH values 
ranging from 0.8 to 6,6 with an accuracy of ^30 millivolts; 
at the higher denaities, however, the corresponding points 
on Curves II differed by 58 millivolts for each pB unit. 
fh&se latter lines had the same slope, 0.22, and approximately 
the same starting point; that is, the break in the data, cor-
reeponding to a transition from Curve I to Curve II, always 
occurred at approximately one milliamp per square centimeter. 
However, data were obtained fitting Curve II for lower cur­
rent densities by starting with hieh current densities and 
decreasing the current; when this was done the potential was 
subject to sudden drop to Curve I* Inasmuch as hia data were 
obtained using solutions of different compositions, Bowden 
could deduce that overvoltages corresponding to Curves I 
were independent of the composition of the electrolyte? on 
the other hand, overvoltages corresponding to Curves II have 
the same dependence on pH as do Nemat potentials but are 
otherwise independent of the composition of the electrolyte. 
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Bowden notes that Glaastone's mlniiBum overvoltages lay 
la the region of his Curve I, and thus explains the latter*s 
eonelusion that overvoltages are independent of the pH. On 
the other hand, Berasymenko's hydrogen deposition potentiala 
fall in the region of Curve II, and this, therefore, confij^ 
his deduction that overvoltage is dependent on pH# Inci­
dentally, Bowden observed that the existence of the state 
eoafoiling to Curves II was more easily produced and main­
tained in the store dilute solutions» 
Later Berasymenko and felendyk^^ were able to confirm the 
former*s original work and to enlarge upon it. In this work 
they still use the tern hydrogen deposition potentials, but 
now they define this quantity as the potential corresponding 
to a definite, but unspecified by them, current density. 
They found that in hydrochloric acid solutions an increase 
in overvoltage occurred as the solutions were diluted. This 
increase per tenfold dilution became greater the less the 
concentration: thus the difference in overvoltage between 
solutions having pE values one and two was 5 raillivoltsi 
whereas, the difference in solutions of pH tliree and four was 
42 millivolts. Hence, it appears that the effect of hydrogen 
ion concentration on overvoltage approaches the effect on 
Semst potential (58 millivolts) in the lower hydrogen-icaa 
concentra t i ons » 
These investigators extended their work to Include the 
14 -
effect of nautral-salt additions on overvoltage# In this 
conn#ctimj they used th® chlorides of the alkali metals, the 
alkaline earth metals, magnesitun, lanthanim, and thorium* 
Various coneentratlone of these salts were superimposed on 
various concentrations of hydrochloric acid as demonstrated 
in the following tables# The noinsial calomel electrode was 
iMted in all cases as a reference electrode. 
In Tables 2 and 6, Air and refer to the difference 
between the rr's and 7(,*s, respectively, of the successive nor-
aalities. In Tables 3, 4, and 5, ATT refers to the difference 
between the TT of the aolution indicated and the rrof the pure 
acid solution. 
Table 2 
Pure Hydrochloric Acid Solutions in Water 
Horraality Separation 
potential 
-TT (in volts) 
Difference 
ATT 
(in volts) 
Difference in 
overvoltagee 
A 1 
(in volts) 
1.224 
1*286 
1.378 
1.476 
0.062 
0.092 
0.098 
0.005 
0.036 
0.041 
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Table S 
Salts Added to O.lH-HCl Solutioiia 
Molality of S KCl » BaCls 
Added Salt i rr- -^rr * TT— 7^7-
0 1. 224 volt 
O
 t 
1.236 0.012 
•S 10 1.235 0.011 1.250 0.026 
O
 i 10
 
1,241 0.017 1.276 0.056 
10 1.265 0.031 1.285 0.061 
1 1.287 0.063 
Table 4 
Salts Added to O.OIN-ECI Solutions 
Hormallty 
of Added 
Salts 
LiGl NaCl 
tT -rr 
KCl 
tr 
RbCl MgCl2 
-rr tr 
Ca0l2 
SrGl2 
BaClg 
rr 
0 1.286 volt 
_ _ ••4 10 1.313 1.316 
X0-® 1.299 1.306 1.306 1.308 1.340 1.343 
10"® 1.308 1.S21 1.326 1.S29 1.364 1.368 
10*^  1.339 1.350 1.360 1.372 1.387 1.393 
1 1.395 
_ X6 -
Table 5 
Salts Added to O.OIN-HCI Solution 
Normality of : LaClg j ThCl4 
Added Salt 
• tr ^TT * rr att 
0 1.286 
•
p H
 O 
10-® 1,307 0.021 1.307 0.021 
10-® 1.315 0.029 1.331 0.045 
1 o
 1.339 0.053 1,355 0.069 
10*® 1.365 0.079 1.390 0.104 
Table 6 
Solution of IN-BaClg in Varying Concentrations of HCl 
Hormality 
of HGl 
Separation potential 
rr {in volts) 
Difference 
att (in volts) 
r-
{ 1 o
 
H
i 
1.287 
10"^  1.393 0.106 
10*^  1.509 0.116 
o
 1 
1.630 0.121 
It will be noted that the displacement of the separation 
potential* is influenced to a large extent by the valence of 
It is to be regretted that the investigators did not 
detemine the reversible hydrogen potential in the various 
salt solutions, fhat it does not differ appreciably from. 
that in the pure acid solutions is probable; therefore, the 
displacement of the separation potential is equivalent to the 
displaceaient of the overvoltage tTj^  and 7r|^ =conat* 
at constant Cpj+)* 
17 -
the Ion* fhus the concentration of ions i?equired to yield 
a given displacement forms the following series: 
< (La*"''') <; 
fhe flocculation of negative colloids by raeans of positively 
charged ions follows the same series. A more remarkable 
feature is that the concentrations of ions of the same 
valence yield a series similar to that found in nisierous 
other electrokinetic phenomena, namely: 
(Rb"^) < (k"^) < (Na*) < (Li"^). 
These facts lead naturally to the conclusions tJiat the ions 
are adsorbed in the double layer and this adsorption is de­
pendent exponentially on the charge of the ion as well as on 
other specific properties of the ion» 
Other significant facts to be reiaeiabered from these data 
ares (1) the more concentrated the acid solution is, the 
greater the concentration the added salt must have in order 
to produce the same displaoement of overvoltagej (2) as the 
cmcentratlon of added salt increases, the displacement of 
the separation potential from that in pure acid solutioas 
approaches a maximum limiting value; (3) the difference in 
the limiting values of two solutions differing in pH by one 
unit closely approximates 2IPJ?/Pj (4) it is evident, therefore, 
that the effect on overvoltage is equivalent to the effect 
on Memst potential. 
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The aam® conclusions may b© drawn from later work which 
was performed by Levina and Zarlnakll^^'^®, They eiaployed 
carefully prepared and purified material and provided for the 
quick and easy renewal of the mercury surface. The first 
work was done on pure acid solutions from which they obtained 
results which agreed with measurements of Bowden at low cur­
rent densities but disagreed at the higher current densities. 
That is, these investigators found that the overvoltage-
current density curves obeyed Tafels eqtusitlon with b s o«12 
for the entire course of the curve frcm 10*® to lO"® aap/cm^» 
These same authors then investigated the effect of add­
ing LaClg to the solution and obtained results qualitatively 
the same as those of Herasymenko and Slendyk. The following 
table suHBsarizes their results! 
fable 7 
Magnitude of Overvoltage in Presence of Excess of LaClg 
(Current density « 2.45 • 10*^ amp/cm^) 
HCl 
Concentration IT (in volts) A"ri (in volts) 
lO^ H^ 0.890 
lO'^ N 0.856 0.054 
10**^  0.790 0.046 
31 An interesting investigation by Lukovtsev, Levina, and 
Pruaikin using nickel as the test electrode gave somewhat dif­
ferent results- These investigators worked with both acid 
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and alkaline solutions. Extraordinary care was observed to 
prepare pure solutions of hydrochloric acid and aodium hydrox­
ide and to prevent contamination. Similar car© was observed 
in th© preparation of the LaClg-HCl solutions and the HaCl-
S^aOH solutions. Their data were not presented in the form of 
tables but a clear picture of their results may be obtained 
by reference to Figures 1, 2, 5, and 4. 
r\ volts r\ volts 
3/ 
4 / / /^/ 
/A 
I 2 3 
log. i X 10® amp/cm.^ 
Pig. 1. Dependence of H-
overvoltage on current 
density in acid solutions 
(1) 0.15N-HC1; 
(2) O.OlSN-HClj 
(3) 0.0012H-HC1J 
(4) 0.0003K-HC1. 
4 0 I 2 3 
log i xlO® amp./cm2 
Fig. 2. Dependence of H-
overvoltage on curi*ent 
density in alkaline solutions 
(1) 0.42H-Na0H; 
{2) 0.047H-Na0H; 
(S) 0.0075N«Ha0E; 
(4) O.OOlN-NaOri. 
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r\ volts 
02 
0.1 
r\ volts 
II / 
/ 0.2 
0.1 
I / 
f 
/ 
U 
O.OOOZU -HCI O.OOIN-1 MaOH 
2 3 0 2 3 4 
log i X 10® amp./cm.2 
Fig. 3. Iffeet of LaClg on 
overvoXtftg© in acid 
solations 
0«rve-i - pare egl 
Gujnr© II - Same pliis 
O.GOll-LaGlj 
log i X 10® amp./cm.2 
Fig. 4. Effect of SaCl on 
overiroltag© in alkalies 
CuP'T® 1 - Pur© SaOH 
Cursre II - Saai® plus 
Q,lH-HaCl 
Pr<ffli Figure 1 it beccroes apparent that the laws govern­
ing the behavior of hydrogen overvoltage on nickel electrodee 
deviate from thoe© on mercury electrodes. That is, over­
voltage in pure aeid solutions is dependent on the H'^-icaa 
concentration. This dependence holds only in the more con­
centrated solutions J furthermore, a study of Pigiire 2 shows 
that overvoltage is a fimction of H*''-ion concentration in the 
more concentrated solutions of alkali hut approaches a c©ri-
stant value for the raore dilute solution. Thus, the interest­
ing observation is made that overvoltage increases (by about 
5S »v per tenfold dilution) with dilution in both acid and 
alkaline solutions. 
The ©ffect of the addition of I«a01g on overvoltag© in 
KGl solutions is 8<»Qewhat an^^aXous. At low current densi-
j» 
ties (below 5 x 10*' amp/ens) the addition of this salt 
decreases the overvoltage but in the higher current densities 
the overvolta^ is increased. The explanation the investi­
gators gave for this phenomenon is that nickel apparently has 
a positive charge with respect to the solution at the lower 
current densitiesi on increasing the polarigatlcHi the charge 
passes through a aero at the point where addition of I^tClg 
has no effect on overvoltage. 
The addition of HaOl to the more dilute solutions of 
alkali (O.OOl and 0.0075S) causes a decrease in overvoltage 
which is less the greater the concentration of alkali. 
Iqimtions were deduced to fit the data for both acid 
and alkali solutions, namely? 
for acid « 
S zm/v In i - RT/P In + const. 
for alkali 
y f / a 2Bf/P In 1 - M'/P In • const. 
fhe effect of surface-active ions on overvoltage has been 
studied by lofa, Kabanoff, Kuehinski, and Christyakov^®, They 
used isereury as their test electrode and it was used accord­
ing to both the quiet pool and the dropping method. Their 
solutions were carefully prepared. The essential part of 
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their results is shown graphically in Figures 5 and 6» Ref­
erence to Figure 5 shows that surface-active anions lower the 
overvoltagei on the other hand. Figure 6 shows that surfaee-
aotiv© cations raise the overvoltag®. 
r\ volts volts 
1.0 1.0 
0.8 
OJ6 OJ6 
0.4 0.4 
0.2 0.2 
log. I xlO® amp./cm.2 log. i X 10® amp./cm.2 
Pig^ 5. ft » In t curves Pig. Sv - In i curves 
{1) lk-.lags04 • 0. ln-sags04 (1) 1s-%s04 
(2) IH-KCl + O.lM-HCl (2) M-%S04 + 0.(^5H-
(5) 4- O.lH-101 #^CC4B9)^2^®4 
<4) IM-KI + O.lH-HCl 
The ©lectrocapillary oiirves for the above salts were 
also given. It was shown that the avalues febtaine(3 from 
the « In i curves) were tTcm 0.5 to 0.7 of the shift in the 
eleotrooapillajpy maxiiHians referred to the solution of liagS04 
(an iaaotive electrolyte). 
lofa has pursued further the study of tl»i effect of 
eompositicm of solution on overvoltage developed on mercury 
electrodes. Sb finds that Taf©l*s relation Is obeyed in 
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concentrated aeid solutions but that the b-values are differ­
ent from 0.12. Thus, b equals 0*140 in 3H-HC1 solution, 
0,124 in 5K, 0.106 in lOM, and 0,093 in 12.51. Similar 
results are obtained in HBr solutions. A reasonable explana­
tion for the above results is that the discharge process 
still holds but that discharge takes place from the acid 
molecule rather than the hydronium ion exclusively. 
Theory 
fafel* s theory. 
34 Mhen discovered the empirieal equations relating 
overvoltages to current densities, he inanediately attempted 
to afford a theoretical explanation for this relationship. 
In this attempt he laid the foundations for the modern theory 
of overvoltage# Consequently, a detailed account of his 
hypothesis and reasoning processes will be presented here. 
In the first place, Tafel assumed that the change fran 
the hydrogen ion into the hydrogen molecule proceeded In 
two steps, namely: 
C D  
and 
2h —> hg (2) 
Of these, he assumed the first step to be very fast as cc®-
pared with the second; therefore, the second step, which he 
aasimed to be Irx^irarsible, was considered to be the 
velocity-determining process. For a stationary state, the 
rate at which hydrogen atoms are formed from ions must be 
equal to the rat© at which the atoms react to form molecular 
hydrogen. 
The fomer process, corresponding to equation (1), is 
proportional to the current density? that is, 
dCg/dt s k^^ij (5) 
whereas, reaction (2) is proportional to the concentration of 
hydrogen atoms raised to the power Ok , 
dcjj/dt icgc^ (4) 
fherefore, the change in Cg resulting from both processes may 
be represented by a combination of eqiiations (3) and (4), 
dOg/dt S kj^l - kgC^ (5) 
Por a BtstKmary state, dO/dt = 0, in tbl. <!«»«. 
equation (5) reduces to 
If this is substituted into Nemst^s equation, 
1 2 rt/p lncg+/gjj 
one finally arrives at the following equation! 
7^ « a f 2.5Rf/^ log 1 (7) 
in which a includes all terms that are independent of i. In 
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these equations, E represents the potential of an electrode 
where the concentration of atomic hydrogen at the electrode 
atirface is C^, and of hydrogen Ions IS the over-
voltag® 2g • E)j R» F, and T are the gas law constant, 
the ?alue of the Faraday, and the absolute temperature, re-
speetl'^ely. For any particular cell, is assumed to be 
constant with i. 
fhe experimentally determined value of b In fafel*s 
eaplrleal equation, at 12®C, is 0.107; the nuaerlcal value 
of 2»Si^/aF is 0.057/cu Since, according to fafel, a, should 
equal 2, the experimentally detenalned value is practically 
four times as large as the theoretical value. As Tafel 
pointed out, this is probably due to a major mistake in the 
basic assumptions* 
A slightly modified and improved version of Tafel*s 
theory^^ takes into account the reverse of equation (2)| 
k*SL*» 
hg —> 2h. 
^he amount of hydrogen atoms fonaed by this reaction Is pro­
portional to the concentration of hydrogen molecules 
Here, then. Is obtained for the rate of decrease of Cg 
^c^dt s k2cg - (8) 
and, therefore, 
"l ^  • vh - t®' 
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Further, it ean be assumed that 
and hence, for i « o (that is, at equilibrium), 
Therefore, ^ 3^ i 
and, ainoe at equilibrium ® o, 
i = - 1) (12) 
or 
If « 2.5RTAp log (i + kg) + a. (13) 
It is readily seen that, when 1 this expression be­
comes the same as Tafel*s original equation, fhe modified 
equation possesses the advantage that 7^ does not decrease 
indefinitely aa i ia reduced to zero» However, it still 
possessea two serious shortcomings, nauaaelyt (1) in most 
oases, the coefficient of log (i + kg) ia too saall; and (2) 
there is no theoretical basis for a, which is a constant 
characterizing overvoltages on different metals• In the case 
of very active metala, however, this equation applies nearly 
quantitatively. Hence, the aasmaptlon that the combination 
of atcaas is the slow process is probably correct for active 
metals* 
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Theory of BSpdey-Qruz and Volmer. 
Hearly a quarter of a oentury later, Erdey-Gruz and 
Voljser® showed that Tafel's chief hypothesis was wrong. They 
3 
used Bowden's work on the beginning stage of electrolysis as 
a basis for their arguiaents. Thus, they showed that If an 
aooumulation of atomic hydrogen is the cause of overvoltage, 
then the potential should Increase logarithmically with 
growing surface coneentratlon of hydrogen atoms. This follows 
i 
from Hemst's equation: 
s const - RT/p In Cg. 
fhis relationship is not obeyedj on the contrary, grows 
linearly with the amount of electricity as long as this lat­
ter is a measure of the increase in concentration of the 
hydrogen species that is responsible for overvoltage. That 
is, the linear relationship holds until appreciable amounts 
of the overvoltage-active substance are lost by means of some 
other cause. 
Ixperimental evidence suggests that at the beginning of 
electrolysis practically no hydrogen ions are discharged, 
but instead are adsorbed in the Eelmholtz double layer; this 
double layer can be treated mathematically as a condenser. 
Therefore, the overvoltage is related linearly to the amount 
of electricity according to the following equation: 
s -kFA(G^ • C.), (14) 
where and signify the concentrations of the ions in the 
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double layer; here the change, - G^) ,  l a  a measure of 
the quantity of eleotricity used to charge the oondenser* 
Irdey-Gr^z and Volmer thus showed that the ccaablnation, 
process la not the hindered step in the electrolysisj probably 
therefore, the discharge process should be the rate-
determining step. They, then, proceeded to develop a theory 
for a stationary state of electrolysis* 
If U is the necessary activation energy for the transfer 
of an electron from the metal to the hydrogen ion, then the 
number of neutralizations taking, place per second is 
»o ® (15) 
where is a constant and 0^+ Is the concentration of 
hydrogen ions of the electrode surface} the subzero on the H 
refers to the condition that the electrode is at its zero or 
"null" potential with respect to the electrolyte. If, how­
ever, a potential difference, E, exists between the electrode 
and solution in the sense that the electrode Is positively 
charged with respect to the solution, then the transfer of an 
electron fro® the metal to the ion will be hindered; that is, 
the activation energy will be raised by an amount ot EF, where 
0C<1>» The number of neutralizations per second in this case 
is 
gg s e-'" +«ep)/rt . (16) 
The reverse process, namely the electron transfer from a 
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neutral hydrogen atom to the metal, takes place In an analo­
gous faahlonj therefore, the: number of ionizations per second 
is 
. kg. cg e-<» - p . kgoh (17) 
At the equilibrium potential. Eg, Kg = Hg, For this 
reason, 
Cg « e"^** )EF/RT 
But from Kernst'a equation. 
(19) 
where Cg^ is the concentration of hydrogen ions in the body 
of the solution? that is, 
(80) 
That Cg+ varies linearly with Cg+ seems evident? Tuoreover, 
it ia probable that Cjj+ varies with Eg. That this latter 
variation ia negligible as compared with the variation of tl«i 
exponential in Eg results from the following arguments. 
First, it is known that the potential varies linearly with 
the increase of excess of positive ions over negative ions 
at the electrode; second, for an increase of 100 rav an in­
crease of only l/SOOO part of a layer of hydrogen ions is 
necessary; third, an increase of 100 rav corresponds to an 
increase of fey a factor of more than 50. Frcaa these 
facts, it follows that the increase in total hydrogen 
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concentration at the surface is surely imich less than linear 
with the potential, particularly whenever the experiments are 
carried out in the usual solutions containing from 0.1 to 1 
usole/liter of acid. Therefore, since Cg* can be aasuaffld to 
be constant as compared with ^ ^ then 
a.+ ^  « i (21) 
If a potential E, different from by an amount 7^ , 
is applied then, 
. n,, r 1/f = ticht «-'*«% *'(.'f/® . 
C22) 
or 
i s kgCjji. » ic^Cg . (23) 
Since, with Increasing polarizations, the second term 
becomes progressively smaller (>^>0), it can be neglected as 
compared with the first when the potential is at some dis­
tance from the reversible {/vO-OS volt)i 
1 » icgcg+ (24) 
Or, since Cg+ is, relatively speaking, a constant, 
7^ « a + b log 1 with 
b » 2»ZmMF; (25) 
since, experimentally, b s 0.116, then Ol« 0*5* Thus, 
, which is not unreasonable inasmuch as it iaipliea that 
the applied potential Is distributed equally to the activation 
potentials of the neutralization and ionization processes, 
respectively. 
oumey's theory* 
etartlng with a different viewpoint, ar­
rived at a theory that, upon further elaboration, amounts to 
essentially the same as Volaer^s theory, Howe'rer, his theory 
refers explicitly to known quantities such as ionization en-
ergy, hydration energy, and the thermionic work function of 
metals; whereas, in the Volmer theory, the corresponding 
quantities appear grouped together in a somewhat vague 
activation energy. For this reason. It is desirable to set 
forth the essential points of the Qumey theory* 
Gurney first examined a system composed of a metal and 
a proton in a vacuum, fo the metal he assigned a thermionic 
work funetlaa, $ j to the protcax, an ionization energy, 
That is, an electron requires additional energy amoimting to 
# before it can leave the metal; and it loses energy amount­
ing to J when it unites with a proton. These oonditlcais are 
schematically represented by Figures 7 and 8, respectively. 
Metal Vacuum Proton 
Pig. 7. Energy of th® elec~ 
tron In th® aietial* Th® 
striped region ahoms the 
energy atates filled with 
eleotrons. 
Fig. 8. Energy of an electron 
in the neighborhood of a 
protcai. The horizontal 
line represents the grotmd 
level of the electron. 
In order to ccaabine the two figures, a coimnon level of 
energy Bj»st he found, fhe energy of the free electron serves 
this purpose} it is used in Figures 7, 8, and S as the basis 
of the energy of the electron. 
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E 
Metal Proton 
Fig. 9« S©h®iaatle representation 
of the discharge of a proton 
near a metal. 
The elasalcal mechanics forbids th© passage of an electron 
from the raetal to the proton because of the intervening 
potential barrier, Gumey, however, shows that quant\im 
ffiechanics allows the ti^naition of an electron fr<»B the metal 
to a proton even at a distance of several molecular diajaeters. 
This is, of course, further dependent upon the condition that 
3 >  
In an aqueous solution a somewiatt different set of con­
ditions prevails* The proton is replaced in the problem 
by an hydreniusa ion, which may be more or less hydra ted. 
Thus, when the hydnsniiai ion is neutralized by an electron, 
a certain amount of energy (which may be designated the 
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neutrallasation energy E^) will be liberated. This neutrali­
zation energy will be less than the ionization energy by an 
amount equal to the hydration energy; this latter is the 
amount of energy required to replace that lost by the proton 
when it reacted with water to torm. the hydrated hydronlum 
ion. The energy relationships are shown in Figure 10. 
i+VF 
E,+VF 
Metal Proton 
Pig. 10. Snergy-relationships 
for the discharge of a 
hyt3rated proton. 
Pig. 11. Sohematioally show­
ing distribution of elec­
trons in the energy levels 
of metal and ion. 
In the situaticai as pictxa'ed in Figure 10, it is evident 
that the hydrated proton can no longer be discharged although 
the unhydrated proton could have been. In order for the dis­
charge to occur, energy must now be supplied to the metal 
eleetroni in Figure 10 this corresponds to VP. The addi­
tional energy may be supplied by applying an outside source 
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of potentlaij in that case, V represents the applied poten­
tial, 
Aetiially there will be a temperature distribution of 
energy for the ions in the solution and for the electrons in 
the jaietal (schefflatically shown in Figure 11). The energy 
distribution for the ion, H(E), may be represented by means 
of the Boltzaann law, 
h(l) • nq e^® " ^o^/^ 
The distribution aiataag the electrons, n(E), obeys the PenBl« 
Dirae law which can be approximated to a Boltzsmami distri­
bution, 
n(B) . no - (J^l + VPj7/B!t 
fhe significance of E can be understood from reference to 
Figures 10 and 11. Classically, a transition of an electron 
in either directicm would be forbidden by an energy barrier; 
quantum-mecbanically, however, there exists a finite proba­
bility that such a transition can occur. The important tern 
of the probability function, P<B), la also an exponential, 
P(E) = 
where x is the mean thickness of the energy barrier, h is 
Planck's constant, and m is the mass of the electron* 
The number of discharges, and hence the current density 
also, is proporticmal to the integral over the product of 
the two distributional and the probability functions* 
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n(b). p(e) ai 
this integral leads to a relationship that is very 
similar to fafel*s equation, but does not as yet contain the 
factor The theory has been expanded in order t© include 
this factor. 
In the primitive form, Gtimey tacitly assumed that the 
lautual potential of a hydrogen atom and water molecule is 
zero* This is not so, and in his revised theory he takes into 
account the positive potential which exists in the system 
iiffiaediately after neutralization. The energy relationship 
may be understood quite easily if reference is made to 
Figure 12• 
E 
13.5 e-volts 
A D 
Distance from H2O Molecule 
Fig» 12, Energy relationships showing 
how repulsion between electron and 
H-atm leads to the factor o(. . 
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Her© eiiPve jrepresents the potential energy of a system 
composed of a proton and water looleoule; curve "b" shows the 
potential energy of a hydrogen atom and a water jaoleeule. If 
neutralization of the hydrogen ion occurs in its lowest 
vlbrational-rotational state, Uq, then the energy of neutrali­
zation, Eq, will be that pictured by PBj at a higher 
vlbrational-rotational energy level, Djj, the neutralization 
energy, 1^, can be represented by 6C. It is seen that 
en • eq « . uq) 
Where ^  is a factor greater than one; in the special case that 
the slopes have equal magnitudes but opposite signs, / « 2. 
The correct distribution function for the ions must be a 
function of its own energy; thus, 
H(U) = * ^o)/W 
When this distribution function replaces the previous one in 
the integral, a relationship is now obtained that includes 
the factor oLin the form of l/i * The evaluation of the 
integral when all unimportant terms are dropped gives: 
log i = (Eq - t VP)/t(ET f log T + const. 
When this equation is differentiated with respect to V and T, 
two equations are obtained, respectively, 
<3(log l)/dV s F/VET 
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and 
d{log i)/dT « - Eq • + l/f 
wl»r® y is greatei? than 1* 
Ifi is assigned the not unreasonable value of two, the 
first equation is in excellent accord with experimental 
findings* Thus, it is in agreement with these facts: (1) 
the current density is increased by a factor of ten when the 
applied voltage is increased by 0.12 at room temperature; 
and (2) the amount the applied voltage must be increased is 
directly proportional to the temperature for similar in­
creases in the current densities# 
fhe second equation corresponds to experimental results 
nearly as satisfactorily as the first* The qualitative 
finding that d(log i}/dT decreases as the applied voltage 
increases la verified? even the quantitative relationship is 
closely approached if a correct estimate was made of the 
range of neutralization energies over which the integral was 
taken, 
Thus far in the discussion of Gurney's theory no consid­
eration has been given to the reversible reaction. That is, 
the process of deposition alone has been considered* This is 
justifiable in the case of high-overvoltage metals but in the 
instance of low-overvoltage petals, such aa platinized 
platinum, the ionization process must also be taken into 
account. Butler® has completed the theory by fusing those 
7 
of Gurney and of Horiuti and Polanyl into one that includes 
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th© reversible hydrogen electrode as a speoial case. 
fhe antisyametrical relationahip that exists between 
the o^ervoltage and the ability of a saetal to absorb hydrogen 
has beezi mentioned. This property suggests that absorbed 
hydrogen has a lower energy of activation than "free* hydro­
gen in the discharge process, Thia lower activation energy 
may allo« for the attainment of a considerable rate for the 
ionization process} that is, the ionization reaction may 
beccws© fast enough so that the reverse process (the discharge 
reaction) laay even be helped by the passage of an electric 
current without requiring any large added potential. In 
other words, the rates of the ioaizatlon and discharge re­
actions are so great at equilibrlua that smll distiirbancea, 
corresponding to small currents, requires but relatively 
small causative potentials. 
^tler attacked the particular cas© for nickel since this 
metal has strong adsorbing powers for hydrogen. Ee found an 
activation energy of 8 k. cal. for the most probable config­
uration of the nickel &tom, the hydronliaa ion, and the proton. 
According to laeasurements of Bowden, the transfer rate of 
protons from the ionic side is 10""^ amps/cm®, when the acti­
vation energy is 10 k. cals. Hence, at the reversible 
potential, the reactions are occurring at rates equivalent to 
2.5 X amps/cffl®. It is evident, therefore, that appreci­
able currents my be caused to pass without any large dis­
placement frcMu the equilibriia® potential. 
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PruBikla addition to Volroer theory. 
lo 11 ''il 
Frmikin * ' has enlarged upon Volmer*s theory by 
considering the atruoture of the double layer. Volmer tacitly 
assumed a sharp non-diffuse Eelmholtz double layer. Pruaikin, 
however, makes use of the Stem theory®® of the double layerj 
that is, he asstmes a 6ouy diffuse layer added to the Helm-
holtz non-diffuse layer. It will be recalled, also, that in 
the Irdey-Qruz and ?olmer theory the craacentration of the 
hydrogen ions in the double layer, Gjj*, is assumed to be 
roughly proportional to the concentration of the hydrogen 
ions In the body of the liquid, . This assi:aa5>tioa was 
sufficiently accurate for their purpose, but Pruaikin has 
developed an elaboration upon their theory based on a rela­
tionship that probably exists between Cg* and 0^ + . 
Be designated with Jf the mean potential {potential in 
interior of liquid equal to zero) in the plane that passes 
through the centers of the ions in immediate contact with 
the surface of the electrode. He assumed that these Icms 
were the only ones discharged. But, according to Erdey-Gruz 
and Volmer, the discharge velocity is proportional to 
where y* is the potential difference electrode-electrolyte 
and c\ Is a fraction. If the part of y that acts across the 
the same as the E used in Tafel's and Erdey-Gruz 
and Volmer's derivations. 
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Helndioltz layer is designated by V'# the following expression 
is now obtained for the discharge velocity: 
ki cjj* 
But, Cjj+. is related to by means of JT according to the 
equation 
. . f. -J P/8T 
hence^ the number of ions discharging per second is 
v -«<.yf/rt ^-yp/rt 
1^ ® 
She ntaaber of hydrogen atoms ionizing per second is given by 
§yp/rt 
kg cg e 
At the reversible potential, the two expressions are equal; 
therefore, setting the® equal and simplifying, 
3 +_/g « ST/F In Cgt/Cjj • const. 
It follows that oC-f/? • Ij {since * Yr' /r ® 
ET/f In Cg+/Cjj>, therefore, if the logical asstimption is 
made that ok® then, oL« and 
FTom this expression, which is proportional to the cur­
rent density whenever the ionization reaetlc«i is negligible, 
the following equation is obtained: 
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y 4. J* « 2m/F In - 2RT/P In i + const. 
This equati<ai, at constant hydrogen-ion concentration, 
reduces to 
y +Jr s «2RT/f In i + const. 
It differs, therefore, frcan Erdey-Gr6z and Voliser^s expression 
y • «2RT/F In i + const, 
ainoej is a function of y . However, at the potentials that 
come into use in overvoltage measurements and in not too 
dilute solutions, does not vary with y> outside of the ©x-
periaental limits of error in measuring y * Therefore,J" can 
lae treated as a constant with respect to y within these 
limitations. It is only in the neighborhood of the electro-
capillary maxlmuia, especially in dilute solutions, that the 
variation of J must be considered. 
The general equation, with constant current density, 
reduces to 
y f J « 2iiT/F In + const. 
It is this equation that can be used to explain the effect 
of the composition of electrolyte on overvoltage. 
Frumkin distinguished two oases: 
(1) The investigations were carried out in the presence 
of a large excess of a foreign electrolyte, so thatj^ remained 
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constant with changing hydrogen-ion concentration. In this 
case, changes by an amount 0.116 with tenfold decrease in 
the H*-ion concentration. Inasmuch as changes only 0.058 
with the same decrease^ according to Nernst's theorem, then 
^ changed 0.058 whenever the H+-lon con­
centration is reduced tenfold. This conclusion has heen con-
fiiTned toy experiaM>nts of Herasymenko and Slendykj experiments 
conducted by Bowden at moderate current densities also con­
firmed the above conclusion, but tests at low-current densi­
ties revealed no effect on overvoltage of changing E^-ion 
concentration. 
(2) If the dilution of the acid la carried out in the 
absence of foreign electrolytes, J* varies with the dilution. 
This variation, in moderate concentrations, can be expressed 
according to SteKi's theory by the equation 
^ 'w RT/f In cgf • const. 
Hence 
y « rt/f In 4 const. 
This explains, therefore, why 7^ is independent of varia­
tions in H'*"-ion concentration in pure solutions of acids. 
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EXPERIMEIfAL 
Choice of Method 
In the past there have been two general procedures used 
in the pursuance of overvoltage data, namelyt (1) the direct 
method and (2) the commutator method. In the direct method 
the potential of the electrode in question is measured while 
current Is flowing in the electrolyzing cell; whereas, in 
the eoiSDaiutator method the current is stopped during the 
measuring interval. The direct method is objected to on the 
basis that the potential measurement includes a so-called 
"transfer reslatance" drop (which is, therefore, not an 
electranotive force); and since this "transfer resistance" 
is supposed to amoimt to several thousand ohms, the voltage 
drop due to it may be quite large. However, investigations 
by Tartar and Keyes®^, Knobel®®, and Glasstone^^'^®'^^ tend 
to rule out the existence of any such resistance of magni­
tude more than a few ohms. A lengthy {fifteen years) and 
exhaustive comparison of the two methods has been carried 
q 
out by Ferguson and his co-workers. Ferguson has recently 
published a short review of this work in which the direct 
method is shown to be superior to the ccanmutator method in 
that the latter possesses several inherent sources of error. 
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It was shown also that the direct method could be relied upon 
to give true overvoltages. Henee thia method was chosen. 
Apparatus and Materiala 
i 
A diagram of the apparatus used appears on the following 
page, fhe arrangement is a standard one that appears fre­
quently in the scientific literature and textbooks and, 
therefore, no detailed description of it will be given. A 
Leeds and Northrup Student Type potentiometer was found to 
give sufficiently precise measurements for the purposes of 
this work. The standard reference cell was one that had been 
made by a student as a laboratory exercise but it was checked 
periodically against a primary standard belonging to the 
Physical Chemistry department. Its potential was found to 
be sufficiently constant (within 0.0002 v for three checks 
in a sixHfflonth period). The source of the electrolyzing 
potential was a battery of lead storage cells having a 
potential of 120 v. 
The electrolyzing cell is shown in detail in Figure 14. 
It was made frc® Pyrex glass by a local glassblower. The 
connecting sidearm was first made of capillary glass. How­
ever, this arrangement was found to be unsatisfactory for the 
reasm that lainute bubbles of gas collecting in the passage­
way would stop the electrolyzing current. For this reason, 
a larger connection was necessary, and diffusion was hindered 
by the siisple expedient of filling the tube with surgical 
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120 Volts 
700 ohms 
0-111,000 ohms 0-150 
Mifiiamperes 
Key 
Potentiometer 
Fig. 13 Diagram of Apparatus for Polarizing and Measuring Circuits 
From 
Reservoir To Calomel 
Cell 
Electrode 
Cotton -
Anode Test Electrode 
Fig. 14 Detail of Overvoltage Cell 
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eotton batting# Check runs were made in 2H~KaOH and 0*2M-
NaOH in order to determine if the presence of the cottcaa 
affected the overvoltsge; that is, three rum on each of 
these two solutions were made—the first with no cotton in 
the tube, the aecond iiainediately after filling the cell «lth 
the electrolyte and with cotton in the tube# and the third 
after allowing the cotton to remain in contact with the 
solution for twelve hours. The results from the second and 
third runs were practically identical and nearly the same as 
those of the first; moreover, the forraer were more easily 
reproduced. That the cotton had no injiirious effects on the 
measurements was evident, therefore. 
The use of an exterior source of hydrogen for saturating 
the solution with hydrogen was found to be not absolutely 
necessary* It was used, however, for its stirring effect In 
order to reduce concentration-polarization effects and to 
maintain an even concentration throughout the solution. The 
vent tube from the cathode compartment acted to maintain the 
hydrogen atmosphere above the solution and to vent off the 
hydrogen ccming frcm the electrolysis and the exterior source. 
A droplet of liquid in the capillary part of this tube acted 
as an effective valve for preventing the entrance of air into 
this eompartffient. A tank of electrolytic hydrogen served as 
a source of the hydrogen, which was purified by passage 
through two gas-wash bottles containing alkaline pyrogallol 
and a third containing distilled water. 
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fhe electrode was mad© from a small piece of electrolytic 
iron which was spectroacoplcally pure except for traces of 
copper. One side was filed and then polished with various 
grades of emery cloth in order to obtain a amooth surface| 
the other side was covered with solder and attached to a 
chromel wire. The chromel wire was then sealed into a glass 
tube, and it and the soldered back of the electrode were 
covered with a methacrjlate plastic coating. The coating was 
allowed to set for two days before tislng the electrode. 
Electrical connection was made by means of mercury in the 
glass tube. 
Electrolytic ccmneotion to the saturated calomel refer­
ence electrode was made by means of a salt bridge filled with 
the solution under consideration. This bridge was drawn out 
27 to a fine capillary tip 0.5 mm In diameter which In opera­
tion was pressed tightly against the test electrode. The 
bridge was so constructed as to make possible the easy crea-
tlcaj of a siphoning effect. This was done in order to fill 
the bridge directly from the cathode compartment and thus 
Biiniaize the chances that foreign material might enter the 
cell. The other end of the bridge dipped into a small 
beaker that contained a small amount of the solution under 
consideration} the sldearm of the calomel cell also dipped 
into this solution. 
The chemicals iised were reagent grade and were not spe­
cially purified. For dilution water frtaa the distilled 
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water tap was used. However, the HaOH solution was mad© by 
first preparing a saturated solution in specially distilled 
water. The suspended matter was allowed to settle and the 
supernatant liquid allowed to siphon into a bottle of the 
specially distilled water* A titration on the resulting 
solution gave its strength; it was then further diluted to 
2.00H within one point in the second decimal place. This 
solution was stored in a bottle equipped with a siphon and a 
lime-soda tube* 
The above solution was used directly for the run using 
plain 2R-SaOH solution; and w: enever erratic readings indi­
cated that the electrode required cheeking, repeat runs were 
asade using this solution. The 0.2N-Na0H solutions were wade 
by diluting 25 ml of the stock solution to 250 ml, and the 
0.02M-Ha0H solutions were made by diluting the latter solu­
tion similarly. The solutions in which the added salt con­
centrations were 21 were made by weighing the calculated 
amoxmt of the salt to the nearest decigram and adding it 
directly to the 2N-NaOH solution. Thus these solutions were 
slightly weaker than 2H in NaOH; however, the 0.2N- and 
0.02N-la0H solutions had the correct base concentration since 
these were asade by using 25 ml of the stock solution and the 
calculated weight of the salt and diluting to 250 ml. The 
weaker salt solutions were made by appropriate dilutions with 
either 2K-, 0#2H-, 0.02N-Ha0E solution or water as 
required. 
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Method of Procedure 
The cell, electrodes, and auxiliary parts were thoroughly 
cleaned before each rim. The cell and its glass auxiliary 
parts were rinsed with sodium chroiaate-sulfurlc acid cleaning 
solution; this was flushed off using a freely flowing stream 
of tap water, and finally, the apparatus was rinsed two or 
three timea with distilled water. The platinum electrodes 
were usually cleajaed using only a fine stream of distilled 
water? occasionally, the iron electrode was cleaned with hot 
KaOH solution and rinsed with distilled water and the 
platinum electrodes toy dipping them Into concentrated nitric 
and hydrochloric acids alternately with intermediate rinsings 
of distilled water. Several different kinds of treatment 
were tried for the iron electrode, but the treatment which 
proved to be most satisfactory turned out to be the simplest. 
The surface of the iron was simply polished with Ho. 00 emery 
paper for twice as long as any evidence of previous staining 
or pitting was visible. The surface was then washed vigorous­
ly with distilled water and finally was rinsed with the solu­
tion to be used in the test run. All this was done inaaedl-
ately before placing the electrode in the solution. 
The cell was then half-filled with the solution to be 
tested. The rubber stoppers holding the electrodes and 
auxiliary equipment were put into place and the hydrogen 
source was turned on so that a fine stream of bubbles passed 
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up through the solution. At the beginning of a run the 
platinized platiniun electrode was suspended above the solu-
tionj, inasmuch as traces of platinum have been found to 
32 
affect the overvoltage developed on a mercury surface ; 
hence, it was deemed advisable not to have a platinized sur­
face too close to the test iron electrode in the same 
solution* 
Prom this point on a variety of procedures were followed, 
which in the following will be designated as Procedures A, 
B, and C. 
-4 In Procedure A, the ciirrent was adjusted to 10 ampere 
and the potential of the electrode allowed to approach a 
nearly stationary state (that is, the potential did not in­
crease more than one millivolt per minute). The potential 
was determined, and then the current was increased to one 
milliampere, the potential allowed to approach a stationary 
value again, and finally it was determined and recorded. 
Thus the values for ascending amounts of current were deter­
mined. Each time the descending values were determined alsoj 
and, as a check, the entire Procedure A was repeated. In­
variably, the values determined from the rerun were higher 
than the first values. 
In Procedure B, a preliminary current amounting to one-
tenth ampere was passed for five minutes* The current was 
then shut off for five minutes and the potential determined. 
Here, again, both ascending and descending values of the 
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potential were deteralned twice. 
In Procedure C, the preliminary current was only one-
hundredth ampere. This current was allowed to flow for five 
minutes; it was then shut off, and after five minutes the 
potential was read. The current was increased again step­
wise and the potential read, but now this was done as 
quickly as it was feasible to do so. Ascending and descend­
ing values were determined twice# Procedure C was used in 
most of the trials that yielded worthwhile results. 
The purpose of each of these procedures was to furnish 
a standard method so that trials on different solutions could 
be compared. It was necessary to make the tliae intervals 
nearly equal in a series of trials inasmuch as the overvolt-
age developed on iron electrodes rises continuously with time. 
Since oalj the difference between the ctaaparable overvoltages 
obtained in a series of runs was desired, it was permissible 
to measure the overvoltage in this fashion. Procedure C was 
adopted for the greater number of the tests because the 
inethod was the least time-consuiaing and therefore the elec­
trode surface would be least affected. 
Discussion of Results 
Effect of conoentratlon of HaOE. 
Typical sets of data as gathered in the laboratory are 
presented in Table 8. The data were obtained according to 
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Table 8 
Effect of NaOH-Concentration on Overvoltage 
(Electrode area • 2*25 cm^} 
Concentration of NaOH 
Current t 2N : 0.2H j 0.02N 
(in ma) 
-e 2(_i— 2^  
0 1.139 0.075 1.059 0.049 1.089 0.132 
0.1 1.181 0.115 1.143 0.133 1.110 0.153 
1 1.358 0.292 1.315 0.305 1.305 0.348 
10 1.505 0.439 1.450 0.440 1.463 0.506 
100 1.620 0.554 1.558 0.548 1.569 0.612 
150 1.640 0.574 1.589 0.579 1.602 0.645 
100 1.625 0.559 1.573 0.563 1.583 0.626 
10 1.500 0.434 1.470 0.460 1.457 0.500 
1 1.368 0.302 1.322 0.312 1.317 0.360 
0.1 1.207 0.141 1.172 0.162 1.133 0.176 
0 1.145 0.079 1.043 0.033 1.085 0.128 
Plat. Pt. 1.066 1.010 0.957 
fable 9 
Overvoltage-Concentration Data at Constant Current 
: Concentration of NaOH 
Current : gH 0.21 0.021 
(in ®a) J yf V 
0.1 
( 
0.115 
0.141 
0.018 
0.021 
t 
0.133 
0.162 
0.020 
0.010 
o.iss 
0.176 
1 0.292 
0.302 
0.013 
0.010 
0.305 
0.312 
0.043 
0.048 
0.348 
0.360 
10 0.439 
0.434 
0.001 
0.026 
0.440 
0.460 
0.066 
0.040 
0.506 
0.500 
100 0.554 
0.559 
-0.006 
+0.004 
0.548 
0.563 
0.064 
0.063 
0.612 
0.626 
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Proeediire B, but very similar data were obtained by Procedure 
C, whloh will not be given here. The potential of the test 
eleetrode, referred to the saturated calomel electrode, is 
obtained by subtracting from y the reversible potential which 
was obtained by means of the platinized platinum electrode. 
In Table 9 these same data are rearranged and presented in a 
way to emphasiae the shift in overvoltage on tenfold dilution. 
The data from Tables 8 and 9 are shown graphically in Figures 
15 and 16, where ascending values cmly are plotted. However, 
both ascending and descending data are shown in Table 9 where 
the foraer is the upper value and the latter the lower for 
the given value of current. Despite the considerable variance 
in the individual values for overvoltage in these two sets of 
*s, there is good aecord between the respectlveA?^ *8. 
The results presented here are admittedly only qualita­
tive in character; hence, conclusions drawn from them are to 
be considered of the same nature. Hevertheless, there is 
good agreeisent between the value of 2.SRT/P and the values of 
Aat the higher-current densities on tenfold dilution from 
0*2N to O.C^H-MaOH concentrations. This is in good agreement 
with the results obtained by Lukovtsev, Levlna, and Prumkln 
on nickel electrodes. Their results show, on the other hand, 
a like shift in overvoltage on dilution in solutioas of MaOH 
as concentrated as 8.81i« Further, the same shift was observed 
down to current densities of 10""® amp/cm^. 
The latter Is 
Overvoltage 
ir^  Volts 
0.6 
0.5 
0.4 
03 
0.2 
0.1 
/ 
/ A 
< 
• J 
/ : y 
o 0. 
V 0. 
o 2 
02N-NaOH 
2N -NaOH 
N-NaOH 
y 
10 I0"3 I0~2 
Current-Amperes 
10 -I 
Fig. 15 Effect of Concentration of Na OH 
on Overvoltage-Current Density Curves 
Overvoltage 
in Volts 
) ma 
fflO 
ma 
'— - 0- ma 
0.02 N 0.2 N 2N 
Na OH Concentration 
Fig. 16 Overvoltage-Concentration Curves 
at Constant Current Density 
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Effect of addIng HagS04 to pure HaOH solutions. 
Data obtained from measurenients in 2N-NaOH solutions 
with added concentrations of 0.02N-, 0,2N-, and 2!I-Ka2S04 
were converted into and values. These results are pre­
sented in Table 10, where now signifies the difference in 
the 7^'s of the pure alkali solution and the 2^^s of the added-
salt solutions* 
Table 10 
Effect of Added ira2S04 on Overvoltage in 
2H-NaOH Solutions. 
Concentration of Added HaoSO^ 
Current ; 0 : 0«C^ ; 0»21 t 2H 
im&) t Tjf : ai^ t 7^ 
0 0.071 0.080 t0.009 0.072 +0.001 0.072 40.001 
0.077 0.067 -0.010 0.067 -0.010 0.063 -0.014 
0.1 0.096 0*108 4.0.012 0.098 +0.002 0.100 +0.004 
0.115 0.121 +0.006 0.105 -0,010 0.110 -0.005 
1 0.188 0.181 -0.007 0.185 -0.003 0.185 -0.003 
0,166 0.173 +0.007 0.167 +0.001 0.173 +0,007 
10 0.325 0.321 -0.004 0.312 -.0.013 0.321 -0.004 
0.328 0.320 -0.008 0.317 -0.011 0.332 +0.004 
100 0.466 0.441 -0.025 0.432 -0.034 0.433 -0.033 
0.481 0.448 -0.033 0.442 -0.039 0.442 -0.039 
The table shows the results clearly enough not to require a 
figtire to do so. Thus it Is clear that the added salt has 
no effect cm overvoltage except possibly at the highest 
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current density (the value for the NaOH solution may have 
been in error)• 
When Ha2®®4 added to 0#2H-Ha0H solutions, the results 
are otherwise. The data are suaaaarized in Table 11 and are 
shown graphically in Figure 17• These show that there is a 
consistent increase in overvoltage at the lower current 
densities as the concentration increases. At the higher cur­
rent densities, however, there is a inaximuia in the curve when 
the concentration of the added salt equals the base concen­
tration# At the highest current density and the largest 
concentration there is an actual decrease in overvoltage. 
The same results can be observed frcm inspection of Table 12 
and Figure 18, which contain the data frcm experiments using 
0,02N-la0H and added HagSO^. 
Effect of altering HaOH concentration with constant NagSO^ 
c ^ncentrat i caa. 
TI^  data from the 2M-HagS04 coliaans in Tables 10, 11, 
and 12 are arranged in a different way and shown graphically 
in Figtire 19. The qualitative aspects of Figure 19 are seen 
to be in general agreement with those of Figure 16, A 
depressing effect by the NagSO^ may be noted on the lowest 
NaOH concentration, particularly at the lower current den­
sities, The figures are, however, not strictly ccaoparabl©, 
since the data for them were not obtained by the same 
procedures* 
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Table 11 
Effect of Added HagS04 on Ovei?iroltage in 
0,2H-Na0E Solutions 
J Concentration of Added HagS04 
^^ maT^  • Q * _ P.02N s 0.2H : 2H 
JL Ay( : -n 4?( ? V A7f 
.026 0.014 0.050 0.0^  0.067 0.0? 0 0.012 0 058 55 
0.009 0.031 0.022 0.061 0.052 0.073 0.064 
0.1 0.100 0.105 0.005 0.111 0.011 0.118 0.018 
0.115 0.125 0.010 0.135 0.020 0.119 0.004 
1 0.209 0.215 0.004 0.221 0.012 0.208 -0.001 
0.189 0.200 0.011 0.207 0.018 0.185 -0.004 
10 0.352 0.335 0.012 0.343 0.011 0.332 0.000 
0.331 0.341 0.010 0.346 0.015 0.337 0.006 
1C«) 0.435 0.436 0.001 0.435 0.000 0.422 -0.013 
0.444 0.446 0.001 0.444 0.000 0.431 -0.013 
Table 12 
Effect of Added NagS04 on Overvoltage in 
0.02K-Na0n Solutions 
Concentration of Added yag>S04 
Current j 0 ; 0. 02N ; 0. 2N ; 2S 
(ma) . Y * 
Y 
A7f : rf yf ^yf 
0 
( 
0.000 
0.002 
0.023 
0.038 
\ 
0.023 
0.036 
I 
0.046 
0.068 
I 
0.046 
0.066 
1 
0.052 
0.070 
V 
0.052 
0.068 
0.1 0.110 
0.125 
0.129 
0.130 
0.019 
0.005 
0.129 
0.120 
0.019 
-0.005 
0.125 
0.130 
0.015 
0.005 
1 0.245 0.255 0.010 0.220 -0.025 0.212 -0.033 
0.229 0.233 0.004 0.216 -0.013 0.209 -0.020 
10 0.377 0.379 0.002 0.360 -0.017 0.356 -0.022 
0.373 0.374 0.001 0.367 -0.006 0.362 -0.011 
100 0.490 0.491 0.001 0.470 -0.020 0.472 -0.018 
0.496 0.501 0.005 0.475 -0.021 0.477 -0.022 
Overvoltage 
in Volts 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
Overvoltoge 
in Volts 
I0< ) mo 
< 10 ma 
1 « a 
0.1 m a 
1 ' 
0 Cu rrent 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 0.02 N 0.2N 2N 
Na2S04 Concentration 
Fig. 17 NagSO4 Added to 0.2N No OH 
10 mo 
I ma 
0.1 m a 
0 CWront 
0 0.02N a2N 2N 
Na2S04 Concentration 
Fig. 18 Na2S04 Added to 0.02 N NaOH 
<0 
Overvoltage 
in Volts 
0.6 0.6 
0.5 0.5 
100 mo 
0.4 0.4 
to ma 
0.3 0.3 
I ma 
0.2 0.2 
0.1 ma 
G-K OH 
o-Bo (OH); 
0.02 N 0.2N 
No OH Concentrotion 
Fig. 19 No OH Added to 2N Na2S04 Solution 
o7 10^  ^ »o"3 10^  10*' 
i Current -Amperes 
Fig. 20 Current -Overvoltage Curves for 
Different Bases 
'2N 
1 
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Effect of eations on overvoltaae. 
Table IS condenses the data on 2H solutions of HaOH and 
KOH and on a 0.5N solution of Ba(OH)g. Curves plotted from 
fable 13 are shown in Figure 20. These show that HaOH has 
consistently higher overvoltage values than KOH; furthermore, 
the difference increases with increasing current density. On 
the other hand, Ba{0H)2 has higher values at the low densi­
ties and lower values at the high densities than either 
MaOH or EOH. 
Table IS 
Current-Overvoltage Data for Different Bases 
Current 
(ma) 
• 2N-MaOH ^ 2N-'E0E • 0.5M-Ba{0H)o 
• 7f (in volt) ; yf (in volt i 5 Tf {In volt; 
0 
I 
0.071 
\ 
0.080 
\ 
-0.034 
0.1 0,096 0.094 •vo.m 
1 0.188 0,180 0.209 
10 0.325 0.317 0,315 
100 0.466 0.459 0.429 
150 0.512 0.471 0.459 
In Table 14 are gathered the data frtaa 2N solutions of 
the chlorides in 0.2N solutions of the respective hydroxides 
of sodium, potassium, and barium. The curves in Figure 21 
present the same material graphically. Again it may be seen 
that overvoltage values for the potasslxxm solutions are con­
sistently lower than the corresponding sodium values. But 
in this figure the values for the barium solution are now 
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higher than either of the others for the course of the curves 
except at no current. 
Table 14 
Effect of Gatlone on Overvoltage 
Current 
( m )  
2N-HaCl 
+0.2N-Na0H 
^ U,) 
2N-KC1 
i>0.2H-K0H 
j{y). 
2I-BaClo 
40.2H-BaT0H)2 
0 
0.1 
1 
10 
100 
150 
0.056 
0.086 
0.193 
0.328 
0.431 
0.459 
0.060 
0.085 
0.176 
0.295 
0.S87 
0.409 
-0.077 
40.086 
0.208 
0.326 
0,439 
0.470 
Effect of anions on overvolta/ge. 
Table 15 and Figure 22 show the material gathered fr<aa 
aieaaurements on 2M-Ka0H solutions containing various salts. 
The me&BVLTements were all made according to Procedure A but 
were not carried out In on® series so may not be comparable. 
The HagSlOg-eurve has a rather surprising course which Is 
echoed to some degree In the NaA102-ourve. The upswing in 
all the curves at the end probably is due to a greater 
actual Increase in current density than the numbers indicate; 
that la, the surface of the electrode available for discharg­
ing purposes is probably less than at lower densities. 
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Table 15 
Effect of Anions on Overvoltage 
(Salts added to 2N-NaOH Soluticaas) 
Current ' 
(®a) ' 
• 
• 
Sat'd s 
t 
Y (v) : 
0.7H-»aA102r2H-Sa2S103 : 
+ 2H-Ha2S04J s 
yf iv) i f : 
2l?-lfaCl 
(v) 
J Ho salt 
; added 
! 1((V) 
0 
\ 
0.104 0.098 0.086 0.089 0.095 
0.1 0*285 0.162 0.125 0.279 0.207 
1 0.404 0.282 0.298 0.394 0.336 
10 0.515 0.411 0.388 0.494 0*460 
100 0.580 0.490 0.437 0.590 0.573 
150 0.615 0.517 0.454 0.612 0.615 
Incidental obaervatlona. 
Ocoaaionally In the course of a run, particularly one 
carried out accoi^ing to Procedure A, the electrode would 
assume an ^ elevation*' state. That is, the overvoltage would 
amount to two volts or more at a current of ten millisrapereB 
but would decrease with decreasing currents to either the 
sajne value as ordinarily or less* Transitions in either 
direction to or frtsn the "elevation" state proceeded prac­
tically instantaneously. The conditions requi3?ed to obtain 
this state seemed to be small concentrations, high polariza­
tions, and better than ordinary exclusion of the anode liquid. 
It was observed also that large concentrations seemed 
to "stabilize" the value of the overvoltage at no current. 
That is, this value would be quickly reached on the descend­
ing set of readings and would hold quite constantly for 
Overvoitoge 
in Volts 
0.6 
A. 2N-KCI +0.2N-K0H 
B. 2N-NaCI +0.2N-Na0H 
C. 2N-BaCl2+0.2N-Ba(0H)2 
10*2 iO-2 10*' 
Current -Anriperes 
Fig. 21 Effect of Cations on Overvoitoge 
Overvoitoge 
in Volts 
0.1 i»-
/ 
A. Sot'd Na3p04 +2N-Na0H 
B. 0.7N- NoAlOg +2N-N00H 
+2N-^Na2S04 
C. 2N-Na2Si03 +2N-NoOH 
a 2N-NaCl +2N-NaOH 
E. 2N-NaOH 
10" 10 r3 10 ,-2 10' 
Current -An^peres 
Fig. 22 Effect of Anions on Overvoitoge 
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considerable time; on the other hand, in small ooncantrationa 
the overvoltage continually dropped and in a relatively short 
period possessed negative values* 
Similarly cheek values for current strengths of one and 
ten millamperes were siore closely related and more easily 
obtained than at any of the other current strengths. 
Interpretaticaa of results relative to corrosion. 
Many of the results observed in the foregoing may be 
explained if the assumption is made that the point of zero 
surface charge an an iron electrode lies in the neighborhood 
of 1.S5 volts relative to the saturated calcnttel electrode. 
This corresponds closely to overvoltages of 0.S-0*4 volt in 
the region at which these experiments were prosecuted. 
At lower overvoltages, the J -potential''^ is positive and 
at higher overvoltages negative, fience^ at the low polari­
zations the J -potential is affected by the negatively charged 
ions and vice versa at the higher polarizations. Since J 
is a function of y{the electrode potential) in the neighbor­
hood of zero surface charge, the equation of Lukovtsev, 
Levina, and Frumkin, 
- J + 2RT/F In i « RT/P In , 
must be applied with due consideration. Moreover, the 
•^ fhe j -potential used here and elsewhere in this paper 
is not necessarily the same as the J -potential used in 
electrokinetics but is closely allied to it. 
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surface charg© (and tho J -potential) will vary with chang­
ing hydroxide-ion concentration in this region, particularly 
at the low concentrations where the surface is the least 
saturated• 
Inspection of Figures 16 and 19 shows that J is rela­
tively more affected in the low concentrations at the high 
polarizations. This effect seems to be the most marked at 
a potential of 1»S5 volts. Similarly, Figures 17 and 18 
seem to show that the effect of the sulfate icm in lowering 
(making it less positive) is also a maximum at this potential. 
In Figure 20, the barium ion appears to become operative 
at about the above potential. That is, the normally negative 
charge is neutralized by the barium ion causing a less nega-
tlvej -potential and, therefore, a smaller • 
Therefore, since the reversible hydrogen potential in 
neutral solutions is about 0.650 volt, the J -potential at 
an iron surface must be positive; hence, it is subject to 
the effect of negative ions. The results of Eerasymenko and 
Slendyk showed that minute concentrations of LaClg raised the 
overvoltage on mercury where a negative j -potential is 
existent. Analogously, small amounts of Ha3p04 should in­
crease the overvoltage at an iron surface where a positive 
J -potential occurs. 
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SUMMARY 
1. A literature aearch revealed that the overvoltage 
developed at an electrode surface is dependent on the com­
pos ition of the solution. 
2. A theoretical explanation for the effect on over-
voltages at mercury and nickel electrodes is present in the 
literature. 
5. The experimental procedure was discussed. 
4. fhe effect of changing HaOH concentration was ob­
served to be greatest at low concentrations, the more so the 
higher the electrode potential, This effect was observed 
both in simple HaOH solutions and in those containing MagSO^. 
5. The overvoltage was observed to increase at low 
densities, pass through a maximum at mediuia densities, and 
decrease at high densities with increasing SagSO^ concentra­
tions in solutions of constant HaOH concentration. The 
aaximuffi was observed to occia* at the point where the MagSO^ 
concentration equalled the HaOH concentration. 
6. The -log 1 curve for Ba{OH)g solution was observed 
to bead downward on increasing polarizations. 
7. A possible explanation for the inhibiting action of 
phosphate ion on corrosion of iron was presented. 
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